This work shows how multiple non-covalent interactions are employed to control metallosupramolecular architectures and we demonstrate that a ligand, which contains two bidentate domains separated by a ArOH spacer, forms a mesocate when complexed with Ag(I). However, changing this to an ArOCH2CH2Ph spacer unit results in a 1-dimensional helical polymer upon reaction with the same cation. Reaction of Ag(I) with the ArOMe derivative gives a hexanuclear circular helicate which forms inter-assembly Ag•••Ag interactions resulting in a 3-dimensional honeycomb-like polymer of hexanuclear circular helicates.
Introduction.
Self-assembly of metallosupramolecular complexes is an area of chemistry which continues to receive an intense level of attention. [1] [2] [3] [4] Understanding the forces that govern the formation of these complexes has allowed for the creation of more and more complex structures from helicates and mesocates, 5, 6 through to circular helicates, 7 cages 8-10 and beyond. [11] [12] [13] [14] Arguably the most studied of these assemblies is the helicate, which consists of two or more ligand strands partitioned into separate binding domains each of which coordinates different metal ions and coordination in this manner results in a helical twist. [14] [15] [16] The programming requirements of the ligand strand in order to successfully assemble these polynuclear species are well established. 11, 12 Generally in dinuclear double helical assemblies the metal centres possess the same chirality, resulting in the formation of [M 2 L 2 ] n+ complexes of two configurations (e.g. ∆∆ and ΛΛ)
unless the chirality of the assembly is controlled, usually by the inclusion of a chiral centre on the ligand strand. 17 However it is possible for the metal centres to have opposite chiralities (e.g. ∆Λ) and in such situations a mesocate, the achiral analogue, is formed. 18 Even though the first structure of a mesocate was reported some time ago, 19 in comparison to the helicate, the conditions required for their formation are much less understood. 5, 20 Using much the same methodology of helicate assembly larger species can be produced which contain three or more metal ions in a circular arrangement. These circular helicates contain the same binding arrangement of ligand strands i.e. the ligand partitions into two binding domains each of which coordinates a different metal ion, but it does so in a circular arrangement giving species of the formula [M n L n ] x+ where n = 3 to 10. 7, 21 The rules that govern the formation of these species are much less understood compared to the linear helicates however, methods utilising anion templation and steric interactions have been reported which are required to prevent the formation of the entropically favoured linear helicates.
22-24
The self-assembly of linear helicates are well understood and as a result the self-assembly is no longer limited to just metalligand interactions and assemblies that include anions and sblock metal ions are known. 25, 26 One such example of higher orders of self-assembly has been demonstrated by Ward et al. 6 In this work they demonstrate the formation of triple helix comprised of three infinite chains of double helicates. The basic unit is a bis-bidentate ligand which forms a dinuclear double helicate with Ag(I) (e.g. [Ag 2 L 2 ] 2+ ). This subunit then interacts with another dinuclear helicate via Ag···Ag interactions giving a 1-dimensional helicate polymer creating an infinite chain of double helicates. Inter-chain interactions results in three of these chains intertwining giving the final structure of a triple helix of double helicates. 6 Argentophillic, or Ag···Ag interactions, are well recognised as being able to develop complex subunits into long one dimensional polymeric chains, as well as into multi-dimensional polymeric assemblies.
Materials and measurements. Chemicals were purchased and used without further purification apart from 1,3-di(α-bromoacetyl)cresol which was prepared by a previously reported method. 32 1 H NMR spectra were recorded either on a 400 MHz Bruker Advance DP X400 or on a 500 MHz Bruker Advance 500. Mass spectra were obtained on a Bruker MicroTOF-q LC mass spectrometer.
Synthesis of L
1
. To a round bottomed flask charged with pyridine-2-thioamide (87 mg, 0.63 mmol) and 1,3-di(α-bromoacetyl)cresol (100 mg, 0.29 mmol) and equipped with a magnetic follower was added ethanol (30 ml) and the reaction heated to 60°C under nitrogen for 12 hrs. After this time a yellow precipitate formed, which was isolated by filtration and washed with EtOH (3 x 5 ml) and Et 2 O (3 x 5 ml). This solid was then suspended in concentrated aqueous ammonia (sp.G. 0.88, 10 ml) for 12 hrs after which time the yellow solid was isolated by filtration and washing with water (2 x 2 ml), EtOH (2 x 2 ml) and Et 2 O (2 x 2 ml) giving pure ligand L 1 (47 mg, 75 % . To a two-necked round bottom flask charged with L 1 (120 mg 0.28 mmol) and NaH (60% dispersion in mineral oil, 100 mg, 2.5 mmol) and equipped with a magnetic follower was purged with dinitrogen. After 10 mins anhydrous DMF (20 ml) was added and the reaction heated to 60°C for 1 hr. After this time dimethyl sulphate (0.5 ml, 5 mmol) was added and the reaction stirred at this temperature for at least 24 hrs. Ethanol (5 ml) was added (to quench any unreacted sodium hydride) and the solvents removed by rotary evaporation. The resultant brown oil was then suspended in water (20 ml) and extracted in DCM (2 x 50 ml) and after removal of the solvent the product was purified by column chromatography ( 
Crystallography.
Single crystal X-ray diffraction data was collected at 150(2) K on either a Bruker Apex Duo diffractometer equipped with a graphite monochromated Mo(Kα) radiation source or a Bruker Venture diffractometer equipped with a Mo-IμS source and a cold stream of N 2 gas. Solutions were generated by conventional heavy atom Patterson or direct methods and refined by full-matrix least squares on all F 2 data, using SHELXS-97 and SHELXL software respectively. Absorption corrections were applied based on multiple and symmetryequivalent measurements using SADABS. For [Ag n (L 2 ) n ] n+ the tetrafluoroborate counter anions were disordered and these were modelled in two positions using the PART instruction. In all cases of disordered atoms/molecules DELU, SIMU, SADI, and in some cases ISOR, constraints were used in the leastsquares refinement. Furthermore, the structure contained disorder that could not be satisfactorily modelled and as a result the diffuse electron density was removed using the solvent mask facility in Olex2, resulting in voids in the crystal structure. 33 The solvent mask removed a total of 208.9
electrons in the unit cell which corresponds to five molecules of nitromethane and a molecule of diisopropylether in the unit cell. For [Ag 6 (L 3 ) 6 ] 6+ one of the tetrafluoroborate counter anions was disordered and refined poorly. It was constrained using DELU, SIMU, SADI, and in some cases ISOR and its occupancy was fixed to 10.50 and using this the molecule refined reasonably well. Due to this the occupancy of the counter anions is low (e.g. six silver ions and five tetrafluoroborate anions) however, the valance of the cation is not in any doubt and the structure refined well using this value. Furthermore, the structure contained disorder that could not be satisfactorily modelled and as a result the diffuse electron density was removed using the solvent mask facility in Olex2, resulting in voids in the crystal structure. 33 The Results and Discussion.
In this work we describe a ligand, which contains two bidentate pyridyl-thiazole domains partitioned by a ArOH spacer (Fig. 1 (Fig. 2) . 2 ) the corresponding signals are observed in the aromatic region but these are significantly broadened which is again is be expected for a polymeric species.
The formation of this species is the result of two factors; firstly, the removal of the phenol hydrogen atom prevents the formation of the intramolecular hydrogen bond leaving all four nitrogen atoms to act as metal donors. Secondly, the inclusion of the ethyl phenyl unit which forms π-stacking interactions between itself and the planar pyridyl-thiazole domain promotes the formation of the polymeric unit (Fig. 3) . The ability to undergo π-stacking is a useful tool in the formation of self-assembled species and can control the self-assembly of helicates. 18, 35 Reaction of L 3 with Ag(BF 4 ) in MeCN gave a colourless solution from which crystals were obtained either by slow diffusion of diisopropyl ethyl ether or slow evaporation. Analysis by X-ray crystallography shows that the asymmetric unit cell contains one ligand coordinated to one Ag(I) metal ion via a bidentate pyridyl-thiazole domain (Fig. 4 a) ). The remaining bidentate pyridyl-thiazole domain coordinates a different silver metal ion with the two sites bridged by the central -OMe spacer and the bidentate domains arrange themselves in an 'over and under' conformation giving rise to a hexanuclear circular helicate e.g.
[Ag 6 (L 3 ) 6 ] 6+ (Fig. 4 b) ). hydrogen bonding between the nitrogen atom of the thiazole group and the hydrogen atom of the hydroxyl group. Thermal ellipsoids shown at 50% probability. unit, connecting them together into a 3-dimensional infinite honeycomb-like structure of hexanuclear circular helicates. The direction of the Ag···Ag interaction from each Ag(I) ion alternates around the circular helicate pointing 'up and down' with respect to one another in a crown-like fashion (Fig. 4 c) 
